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SYSTEMS AND METHODS FOR
MONITORING CHARACTERISTICS OF A
POLISHING PAD USED IN POLISHING
MICRO-DEVICE WORKPIECES

TECHNICAL FIELD

The present mnvention relates to systems and methods for

monitoring characteristics of a polishing pad used 1n pol-
1shing micro-device workpieces.

BACKGROUND

Mechanical and chemical-mechanical planarization pro-
cesses (collectively “CMP”) remove material from the sur-
face of micro-device workpieces 1n the production of micro-
electronic devices and other products. FIG. 1 schematically
illustrates a rotary CMP machine 10 with a platen 20, a
carrier head 30, and a planarizing pad 40. The CMP machine
10 may also have an under-pad 25 between an upper surface
22 of the platen 20 and a lower surface of the planarizing pad
40. A drive assembly 26 rotates the platen 20 (indicated by
arrow F) and/or reciprocates the platen 20 back and forth
(indicated by arrow G). Since the planarizing pad 40 is
attached to the under-pad 25, the planarizing pad 40 moves
with the platen 20 during planarization.

The carrier head 30 has a lower surface 32 to which a
micro-device workpiece 12 may be attached, or the work-
piece 12 may be attached to a resilient pad 34 under the
lower surface 32. The carrier head 30 may be a weighted,
free-floating wafer carrier, or an actuator assembly 36 may
be attached to the carrier head 30 to impart rotational motion
to the micro-device workpiece 12 (indicated by arrow )
and/or reciprocate the workpiece 12 back and forth
(indicated by arrow I).

The planarizing pad 40 and a planarizing solution 44
define a planarizing medium that mechanically and/or
chemically-mechanically removes material from the surface
of the micro-device workpiece 12. The planarizing solution
44 may be a conventional CMP slurry with abrasive particles
and chemicals that etch and/or oxidize the surface of the
micro-device workpiece 12, or the planarizing solution 44
may be a “clean” nonabrasive planarizing solution without
abrasive particles. In most CMP applications, abrasive slur-
ries with abrasive particles are used on nonabrasive polish-
ing pads, and clean nonabrasive solutions without abrasive
particles are used on fixed-abrasive polishing pads.

To planarize the micro-device workpiece 12 with the
CMP machine 10, the carrier head 30 presses the workpiece
12 face-down against the planarizing pad 40. More
specifically, the carrier head 30 generally presses the micro-
device workpiece 12 against the planarizing solution 44 on
a planarizing surface 42 of the planarizing pad 40, and the
platen 20 and/or the carrier head 30 moves to rub the
workpiece 12 against the planarizing surface 42. As the
micro-device workpiece 12 rubs against the planarizing
surface 42, the planarizing medium removes material from
the face of the workpiece 12.

The CMP process must consistently and accurately pro-
duce a uniformly planar surface on the micro-device work-
piece 12 to enable precise fabrication of circuits and photo-
patterns. One problem with conventional CMP methods 1s
that the planarizing surface 42 of the planarizing pad 40 can
wear unevenly, causing the pad 40 to have a non-planar
planarizing surface 42. Another concern 1s that the surface
texture of the planarizing pad 40 may not change uniformly
over time. Still another problem with CMP processing 1s that
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the planarizing surface 42 can become glazed with accumu-
lations of planarizing solution 44, material removed from
the micro-device workpiece 12, and/or material from the
planarizing pad 40.

To restore the planarizing characteristics of the planariz-
ing pad 40, the accumulations of waste matter are typically
removed by conditioning the planarizing pad 40. Condition-
ing 1involves delivering a conditioning solution to the pla-
narizing surface 42 of the planarizing pad 40 and moving a
conditioner 50 across the pad 40. The conventional condi-
tioner 50 includes an abrasive end effector 51 generally
embedded with diamond particles and a separate actuator 5§
coupled to the end effector 51 to move 1t rotationally,
laterally, and/or axially, as indicated by arrows A, B, and C,
respectively. The typical end effector 51 removes a thin layer
of the planarizing pad material along with the waste matter,
thereby forming a more planar, clean planarizing surface 42
on the planarizing pad 40.

One concern with conventional CMP methods 1s the
difficulty of accurately measuring characteristics of the
planarizing pad, such as pad thickness, contour, and texture.
Conventional devices for measuring characteristics of the
pad include contact devices and noncontact devices. Contact
devices, such as probes and stylets, physically measure the
planarizing pad. Contact devices, however, are 1naccurate
and are limited by their diameter. In addition, contact
devices are limited by their ability to be used during a
planarizing cycle. Noncontact devices, such as optical
systems, are also 1naccurate when used 1n-situ because the
liquid medium on the planarizing pad distorts or obscures
the measurements. In addition, many of these devices cannot
be used 1n-situ because of their size. Accordingly, there 1s a
need for a system that accurately measures the characteris-
tics of a planarizing pad during and/or between planarizing
cycles or conditioning cycles 1n-situ.

SUMMARY

The present 1nvention 1s directed toward systems and
methods for monitoring characteristics of a polishing pad
used 1n polishing a micro-device workpiece, methods for
conditioning the polishing pad, and methods for polishing
the micro-device workpiece. One aspect of the invention 1s
directed toward methods for monitoring a characteristic of a
polishing pad used for polishing a micro-device workpiece.
In one embodiment, a method includes applying ultrasonic
energy to the polishing pad and determining a status of the
characteristic based on a measurement of the ultrasonic
energy applied to the polishing pad. In one aspect of this
embodiment, applying ultrasonic energy includes applying
ultrasonic energy from a transducer. The transducer can be
carried by a conditioner, a fluid arm, a micro-device work-
plece carrier, or a table. In another aspect of this
embodiment, determining the status of the characteristic
includes determining a thickness, density, surface contour,
roughness, or texture of the polishing pad.

Another aspect of the invention 1s directed toward meth-
ods for conditioning a polishing pad used for polishing a
micro-device workpiece. In one embodiment, a method
includes applying ultrasonic energy to the polishing pad and
determining a status of the characteristic of the polishing pad
based on a measurement of the ultrasonic energy applied to
the polishing pad. The method further includes adjusting at
least one conditioning parameter in response to the deter-
mined status of the characteristic of the polishing pad. In one
aspect of this embodiment, applying ultrasonic energy
includes transmitting ultrasonic energy with a frequency of
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at least approximately 10 MHz to the polishing pad. In
another aspect of this embodiment, the procedure of adjust-
ing at least one conditioning parameter mncludes adjusting
the downward force or sweep velocity of an end effector.

Another aspect of the 1nvention 1s directed toward meth-
ods for polishing a micro-device workpiece. In one
embodiment, a method includes pressing the micro-device
workpiece against a polishing pad and moving the work-
piece relative to the polishing pad, applying ultrasonic
energy to a first region of the polishing pad, and determining
a status of a characteristic of the first region of the polishing
pad based on a measurement of the ultrasonic energy applied
to the first region. The ultrasonic energy can be applied to
the pad while moving the workpiece relative to the pad or
during a separate conditioning cycle. The method further
includes adjusting at least one polishing parameter 1n
response to the determined status of the characteristic of the
first region. In one aspect of this embodiment, adjusting at
least one polishing parameter includes adjusting the down-
ward force and/or sweep area of the micro-device work-
piece.

Another aspect of the mvention 1s directed toward sys-
tems for monitoring a characteristic of a polishing pad used
for polishing a micro-device workpiece. In one embodiment,
a system 1ncludes a polishing pad having a characteristic, a
transducer for applying ultrasonic energy to the polishing
pad, and a controller operatively coupled to the transducer.
The controller has a computer-readable medium containing
instructions to perform at least one of the above-mentioned
methods.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view of a portion of
a rotary planarizing machine and an abrasive end effector 1n
accordance with the prior art.

FIG. 2 1s a schematic cross-sectional view of a system for
monitoring the characteristics of a planarizing pad 1n accor-
dance with one embodiment of the mmvention.

FIG. 3 1s a graph of the thickness of one region of the
planarizing pad of FIG. 2.

FIG. 4 1s a schematic 1sometric view of a system for
monitoring the characteristics of the planarizing pad in
accordance with another embodiment of the invention.

FIG. § 1s a schematic 1sometric view of a system for
monitoring the characteristics of the planarizing pad 1in
accordance with another embodiment of the invention.

FIG. 6 1s a schematic side view of a system for monitoring
the characteristics of the planarizing pad 1n accordance with
another embodiment of the invention.

FIG. 7A 1s a top view of the platen of FIG. 6.

FIG. 7B 1s a top view of a platen in accordance with
another embodiment of the invention.

FIG. 8 1s a schematic side view of a CMP machine having
transducers 1n accordance with another embodiment of the
mvention.

DETAILED DESCRIPTION

The present invention 1s directed to systems and methods
for monitoring characteristics of a polishing pad used in
polishing micro-device workpieces. The term “micro-device
workpiece” 1s used throughout to include substrates in
and/or on which micro-mechanical devices, data storage
clements, and other features are fabricated. For example,
micro-device workpieces can be semiconductor wafers,
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4

glass substrates, insulated substrates, or many other types of
substrates. Furthermore, the terms “planarizing” and “pla-
narization” mean either forming a planar surface and/or
forming a smooth surface (e.g., “polishing™). Several spe-
cific details of the mvention are set forth 1n the following
description and 1 FIGS. 2-8 to provide a thorough under-
standing of certain embodiments of the invention. One
skilled 1n the art, however, will understand that the present
invention may have additional embodiments, or that the
other embodiments of the invention may be practiced with-
out several of the specific features explained 1n the following

description.

FIG. 2 1s a schematic cross-sectional view of a system 100
for monitoring the characteristics of a planarizing pad 140 1n
accordance with one embodiment of the invention. The
system 100 includes a conditioner 150, a transducer 170, and
a controller 198 operatively coupled to the conditioner 150
and the transducer 170. The system 100 is coupled to a CMP
machine 110 similar to the CMP machine 10 discussed
above with reference to FIG. 1. For example, the CMP
machine 110 includes a platen 120 and a planarizing pad 140
carried by the platen 120.

The conditioner 150 includes an end effector 151, a first
arm 180, and a second arm 182 coupled to the end elfector
151. The end effector 151 refurbishes the planarizing pad
140 on the CMP machine 110 to bring a planarizing surface
142 of the pad 140 to a desired state for consistent perfor-
mance. In the 1llustrated embodiment, the end effector 151
includes a plate 152 and a plurality of contact elements 160
projecting from the plate 152. The plate 152 can be a circular
member having a contact surface 154 configured to contact
the planarizing surface 142 of the planarizing pad 140. The
contact elements 160 can be integral portions of the plate
152 or discrete elements coupled to the plate 152. In the
llustrated embodiment, the contact elements 160 are small
diamonds attached to the contact surface 154 of the plate
152. The first arm 180 moves the end effector 151 laterally
across the planarizing pad 140 1n a direction B and/or C, and
the second arm 182 rotates the end effector 151 1 a direction
A so that the contact elements 160 abrade the planarizing
surface 142 of the planarizing pad 140.

In the 1llustrated embodiment, the transducer 170 1s
coupled to the conditioner 150 to move across the planariz-
ing pad 140 and monitor the characteristics of the pad 140.
A transducer arm 184 couples the transducer 170 to the first
arm 180 of the conditioner 150 and positions the transducer
170 proximate to the planarizing pad 140. Accordingly, the
transducer 170 1s spaced apart from the planarizing pad 140
by a distance D, as it moves with the end effector 151
laterally across the pad 140.

The transducer 170 1s configured to transmit ultrasonic
energy toward the planarizing pad 140 to determine the
status of a characteristic of the pad 140. For example, the
transducer 170 can determine the thickness of the pad 140,
the density of the pad 140, and/or a surface condition on the
pad 140, such as pad roughness, texture, and/or contour.
Moreover, the transducer 170 can determine 1if the pad 140
was 1nstalled properly so that there are not lifting problems
such as bubbles between the pad 140 and the subpad (not
shown) or the platen 120. In one embodiment, for example,
the transducer 170 can determine the thickness T of the
planarizing pad 140 by transmitting ultrasonic waves toward
the pad 140. The planarizing surface 142 of the pad 140
reflects a first portion of the ultrasonic waves back to the
transducer 170, and a bottom surface 144 of the pad 140
reflects a second portion of the waves back to the transducer

170. The thickness T of the planarizing pad 140 1s calculated
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from the difference between the time the first portion of the
waves returns to the transducer 170 and the time the second
portion of the waves returns to the transducer 170. In other
embodiment, the transducer 170 can determine the status of
a characteristic of a subpad or an under-pad.

The status of the characteristics of the planarizing pad 140
can be tracked as the transducer 170 moves over the pad 140.
For example, FIG. 3 1s a graph of the thickness T of the
planarizing pad 140 as measured by the transducer 170
during one sweep across the pad 140. The peaks (identified
individually as 241a—d) represent regions of the planarizing
pad 140 that have a greater thickness because they have
experienced less erosion than other regions of the pad 140.
A three-dimensional model can also be created as the
transducer 170 moves across the planarizing pad 140.

Referring back to FIG. 2, 1n one embodiment the trans-
ducer 170 1s configured to transmit ultrasonic energy having
a low power and a high frequency, such as a frequency of
approximately 10 MHz or higher. In one aspect of this
embodiment, the transducer 170 can transmit ultrasonic
energy having a frequency of approximately 50 MHz or
higher. In another aspect of this embodiment, the transducer
170 can transmit ultrasonic energy having a frequency of
approximately 100 MHz or higher. In yet another aspect of
this embodiment, the transducer 170 transmits ultrasonic
energy at a frequency high enough to avoid cavitation 1n the
conditioning solution 143 on the planarizing surface 142 of
the pad 140. Cavitation can be used 1n cleaning the pad 140
and typically occurs at frequencies less than 1 MHz. In one
embodiment, the frequency of the ultrasonic energy can be
related to the resolution of the transducer. For example, a
transducer can have a resolution of approximately 1-1.5
microns with a frequency of 100 MHz. In other
embodiments, the resolution can be different.

In the illustrated embodiment, the system 100 uses a
noncontact method to transmit ultrasonic energy to the
planarizing pad 140. Suitable noncontact ultrasonic systems
are manufactured by SecondWave Systems of Boalsburg,
Pa. In additional embodiments, the system 100 may not use
a noncontact method. More specifically, the transducer 170
can use the conditioning solution 143, a planarizing solution,
or any other liquid and/or solid medium to transmit the
ultrasonic energy to the planarizing pad 140.

In the 1llustrated embodiment, the controller 198 1s opera-
tively coupled to the conditioner 150 and the transducer 170
to adjust the conditioning parameters based on the status of
a characteristic of the planarizing pad 140. For example, 1f
the transducer 170 and the controller 198 determine that a
region of the planarizing pad 140 has a greater thickness T
than other regions of the pad 140, the controller 198 can
adjust the conditioning parameters to provide a desired
thickness 1n the region. More specifically, the controller 198
can change the downward force of the end effector 151, the
dwell time of the end effector 151, and/or the relative
velocity between the planarizing pad 140 and the end
cifector 151 to remove more or less material from the pad
140. The transducer 170 and controller 198 can similarly
determine the status of other characteristics of the planariz-
ing pad 140 and adjust the conditioning parameters to
provide a desired status of the characteristics of the pad 140.
In one aspect of this embodiment, the controller 198 can be
coupled to an automated process controller, a database,
and/or a SECS/GEM to control the process parameters.

In additional embodiments, the system 100 can include a
micro-device workpiece carrier 1n addition to or in the place
of the conditioner 150. In either of these embodiments, the
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transducer 170 can be coupled to the micro-device work-
piece carrier, and the workpiece carrier can be operatively
coupled to the controller 198. Accordingly, the controller
198 can adjust the planarizing parameters in response to the
status of a characteristic of the planarizing pad 140. For
example, the micro-device workpiece carrier can adjust the
downward force on the micro-device workpiece or the
workpiece carrier can avold planarizing the workpiece on
certain regions of the planarizing pad 140 in response to the

status of a characteristic of the pad 140.

One advantage of the system 100 of the 1illustrated
embodiment 1s that a characteristic of the planarizing pad
140 can be accurately monitored before and during the
conditioning and/or planarizing cycles. Consequently, the
system 100 can monitor the wear of the planarizing pad 140
to predict the life of the pad 140. Furthermore, an abnormal
wear or erosion rate may indicate a problem with the pad
140 and/or the system 100. In addition, the system 100 can
adjust the conditioning parameters 1n response to the status
of a characteristic of the pad 140 to provide a desired status
of the characteristic. Moreover, the system 100 can adjust
the planarizing parameters to provide a planar surface on the
micro-device workpiece in spite of the status of a charac-
teristic of the pad 140. In addition, the system 100 can
predict the polishing rate and polishing uniformity of a
micro-device workpiece based on the status of a character-
istic of the planarizing pad 140.

FIG. 4 1s a schematic 1sometric view of a system 200 for
monitoring the characteristics of the planarizing pad 140 in
accordance with another embodiment of the invention. The
system 200 includes a conditioner 250, a plurality of trans-
ducers 170 (identified individually as 170a—e) coupled to the
conditioner 250, and a controller 198 operatively coupled to
the transducers 170 and the conditioner 250. The conditioner
250 mcludes an arm 280 and an end effector 151 coupled to
the arm 280. A plurality of transducer arms 184 (identified
individually as 184a—e) couple the transducers 170 to the
arm 280 of the conditioner 250. Each transducer 170 1s
spaced apart from an adjacent transducer 170 by a distance
D,. In operation, the transducers 170 are swept across
different regions of the planarizing pad 140 as the condi-
tioner 250 moves across the pad 140 1n the direction B. Each
transducer 170 can determine the status of a characteristic of
the planarizing pad 140 1n each region of the pad 140. As
discussed above with reference to FIG. 2, the controller 198
can adjust the conditioning parameters in response to the
determined status of a characteristic of the pad 140. In
additional embodiments, the transducers 170 can be coupled
to the arm of a micro-device workpiece carrier.

FIG. § 1s a schematic 1sometric view of a system 300 for
monitoring the characteristics of the planarizing pad 140 in
accordance with another embodiment of the invention. The
system 300 includes a conditioner 350, a fluid arm 390 with
a plurality of transducers 170 (identified individually as
170a—g), and a controller 198 operatively coupled to the
conditioner 350 and the transducers 170. The fluid arm 390
extends radially from the center of the planarizing pad 140
to the perimeter of the pad 140. The fluid arm 390 1ncludes
an outlet 392 to deliver planarizing and/or conditioning
solution to the planarizing pad 140. The transducers 170 are
coupled to the fluid arm 390 by a plurality of transducer
arms 184 (identified individually as 184a—g). In the illus-
trated embodiment, each transducer 170 monitors a charac-
teristic of the planarizing pad 140 at a specific radius of the
pad 140. For example, a first transducer 170a determines the
status of a characteristic of the planarizing pad 140 at a first
radius R, of the pad 140, and a second transducer 1705
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determines the status of a characteristic of the pad 140 at a
second radius R, different from the first radius R,. Similarly,
the other transducers 170 determine the status of a charac-
teristic of the planarizing pad 140 at different radii. In
additional embodiments, the fluid arm 390 and the trans-
ducers 170 can be movable across to the planarizing pad

140.

FIG. 6 1s a schematic side view of a system 400 for
monitoring the characteristics of the planarizing pad 140 in
accordance with another embodiment of the invention. The
system 400 includes a controller 198 and a platen 420
carrying a plurality of transducers 170 operatively coupled
to the controller 198. The transducers 170 are arranged
proximate to an upper surface 422 of the platen 420 to
determine the status of a characteristic 1n specific regions of
e planarizing pad 140. For example, a first transducer 170a

t]
determines the status of a characteristic 1n the first region of
X

C

he planarizing pad 140. Similarly, a second transducer 1705
letermines the status of a characteristic 1n a second region
of the planarizing pad 140.

FIG. 7A 1s a top view of the platen 420 of FIG. 6. The

transducers 170 are arranged 1n a grid having columns 572
and rows 574 on the platen 420. Each transducer 170 1s
spaced apart from an adjacent transducer 170 by a distance
D;. FIG. 7B 1s a top view of a platen 620 1n accordance with
another embodiment of the invention. The platen 620 1s
confligured for use with a system similar to the system 400
discussed above with reference to FIG. 6. The transducers
170 are arranged 1n staggered columns 672 with the trans-
ducers 170 1 one column 672 offset transversely from
neighboring transducers 170 in adjacent columns 672. In
other embodiments, the transducers 170 can be arranged 1n
other patterns on the platen 620, or the transducers 170 can

be randomly distributed over the platen 620.

FIG. 8 1s a schematic side view of a CMP machine 710
having transducers 170 1n accordance with another embodi-
ment of the invention. The CMP machine 710 can be
ogenerally similar to the CMP machine 10 described above
with reference to FIG. 1. For example, the CMP machine
710 can include a platen 120, a planarizing pad 140 carried
by the platen 120, and a micro-device workpiece carrier 730
having a lower surface 732 to which a micro-device work-
piece 12 1s attached. The micro-device workpiece carrier
730 also includes a plurality of transducers 170 arranged
proximate to the lower surface 732 of the workpiece carrier
730. The transducers 170 monitor a characteristic of the
planarizing pad 140 during the planarizing process. The
transducers 170 and the micro-device workpiece carrier 730
can be operably coupled to the controller 198. Accordingly,
the controller 198 can adjust the planarizing parameters in
response to the status of a characteristic of the planarizing
pad 140. In other embodiments, the micro-device workpiece
carrier 730 can include transducers 170 positioned at other
locations on the workpiece carrier 730.

From the foregoing, it will be appreciated that specific
embodiments of the invention have been described herein
for purposes of 1llustration, but that various modifications
may be made without deviating from the spirit and scope of
the invention. Accordingly, the invention i1s not limited
except as by the appended claims.

We claim:

1. A method for monitoring a characteristic of a polishing
pad used for polishing a micro-device workpiece, compris-
ng:

applying ultrasonic energy to the polishing pad; and

determining a status of the characteristic based on a

measurement of the ultrasonic energy applied to the
polishing pad,;
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wheremn applying ultrasonic energy comprises transmit-
ting ultrasonic energy from a transducer coupled to a
conditioner.

2. The method of claim 1 wherem applying ultrasonic
energy comprises transmitting ultrasonic energy with a
frequency of at least approximately 10 MHz to the polishing
pad.

3. The method of claim 1 wheremn applying ultrasonic
energy comprises transmitting ultrasonic energy with a
frequency of at least approximately 50 MHz to the polishing
pad.

4. The method of claim 1 wherein applying ultrasonic
energy comprises transmitting ultrasonic energy with a
frequency of at least approximately 100 MHz to the polish-
ing pad.

5. The method of claim 1 wherein applying ultrasonic
energy comprises transmitting ultrasonic energy without
causing cavitation in a solution on the polishing pad.

6. The method of claim 1 wherein determining the status
of the characteristic comprises determining a thickness of
the polishing pad.

7. The method of claim 1 wherein determining the status
of the characteristic comprises determining a surface con-
tour on the polishing pad.

8. The method of claim 1 wherein determining the status
of the characteristic comprises determining a roughness of
the polishing pad.

9. The method of claim 1 wherein determining the status
of the characteristic comprises determining a texture of the
polishing pad.

10. The method of claim 1 wherein determining the status
of the characteristic comprises determining a density of the
polishing pad.

11. The method of claim 1, further comprising tracking
the status of the characteristic to monitor erosion of the
polishing pad.

12. The method of claim 1, further comprising generating
a profile of the polishing pad based on the status of the
characteristic.

13. The method of claim 1, further comprising adjusting
at least one conditioning parameter in response to the
determined status of the characteristic of the polishing pad.

14. A method for monitoring a characteristic of a polish-
ing pad used for polishing a micro-device workpiece, com-
Prising;:

applying ultrasonic energy to a first region of the polish-

ing pad with a transducer coupled to a conditioner;

determining a first status of the characteristic based on a
measurement of the ultrasonic energy applied to the
first region of the polishing pad,;

applying ultrasonic energy to a second region spaced
apart from the first region of the polishing pad; and

determining a second status of the characteristic based on
a measurement of the ultrasonic energy applied to the
second region of the polishing pad.

15. The method of claim 14, further comprising generat-
ing a profile of the polishing pad based on the first and
second statuses of the characteristic.

16. The method of claim 14 wherein applying ultrasonic
energy to the first region comprises transmitting ultrasonic
energy with a frequency of at least approximately 10 MHz
to the polishing pad.

17. The method of claim 14 wherein applying ultrasonic
energy to the first region comprises transmitting ultrasonic
energy without causing cavitation in a solution on the
polishing pad.
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18. The method of claim 14 wherein:

the transducer 1s a first transducer;

applying ultrasonic energy to the first region comprises
transmitting ultrasonic energy with the first transducer
to the first region at a frequency of at least approxi-

mately 10 MHz; and

applying ultrasonic energy to the second region comprises
transmitting ultrasonic energy with a second transducer
different than the first transducer to the second region
at a frequency of at least approximately 10 MHz.

19. The method of claim 14, further comprising tracking
the first status of the characteristic to monitor erosion of the
first region of the polishing pad.

20. The method of claim 14 wherein determining the first
status of the characteristic comprises determining a surface
condition on the polishing pad.

21. The method of claim 14 wherein determining the first
status of the characteristic comprises determining a thick-
ness of the polishing pad.

22. A method for conditioning a polishing pad used for
polishing a micro-device workpiece, comprising:

applying ultrasonic energy to the polishing pad;

determining a status of a characteristic of the polishing

pad based on a measurement of the ultrasonic energy
applied to the polishing pad; and

adjusting at least one conditioning parameter in response
to the determined status of the characteristic of the
polishing pad.

23. The method of claim 22 wherein determining the
status of the characteristic comprises determining a surface
condition on the polishing pad.

24. The method of claim 22 wherein determining the
status of the characteristic comprises determining a thick-
ness of the polishing pad.

25. The method of claim 22 wherein applying ultrasonic
energy comprises transmitting ultrasonic energy with a
frequency of at least approximately 10 MHz to the polishing
pad.

26. The method of claim 22 wherein adjusting at least one
conditioning parameter comprises adjusting a downward
force of an end effector.

27. The method of claim 22 wherein adjusting at least one
conditioning parameter comprises adjusting a sweep veloc-
ity of an end eflector.

28. The method of claim 22 wherein adjusting at least one
conditioning parameter comprises adjusting a rotational
velocity of the polishing pad.

29. A method for conditioning a polishing pad used for
polishing a micro-device workpiece, comprising:

engaging an end effector with the polishing pad and

moving at least one of the end effector and the polishing
pad relative to each other;

applying ultrasonic energy to a first region of the polish-
ing pad;

determining an existing status of a characteristic of the
first region of the polishing pad based on a measure-
ment of the ultrasonic energy applied to the first region;
and

providing a desired status of the characteristic in the first
region ol the polishing pad by adjusting at least one
conditioning parameter 1in response to the determined
existing status of the characteristic.

30. The method of claim 29 wherein providing the desired
status of the characteristic comprises conditioning the first
region of the planarizing pad to provide a desired thickness
of the planarizing pad.
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31. The method of claim 29 wherein providing the desired
status of the characteristic comprises conditioning the first
region of the planarizing pad to provide a desired surface
texture.

32. The method of claim 29 wherein providing the desired
status of the characteristic comprises conditioning the first
region of the planarizing pad to provide a desired surface
contour.

33. The method of claim 29 wherein applying ultrasonic
energy comprises transmitting ultrasonic energy with a
frequency of at least approximately 10 MHz to the polishing
pad.

34. The method of claim 29 wherein applying ultrasonic
energy comprises transmitting ultrasonic energy from a
transducer to the first region of the polishing pad without
causing cavitation in a conditioning solution.

35. The method of claim 29 wherein applying ultrasonic
energy comprises transmitting ultrasonic energy with a
frequency of at least approximately 50 MHz to the polishing
pad.

36. A method for polishing a micro-device workpiece,
comprising;:

pressing the micro-device workpiece against a polishing

pad and moving the workpiece relative to the polishing
pad;
applying ultrasonic energy to a first region of the polish-
ing pad at a frequency of at least approximately 10
MHz with a transducer coupled to a conditioner;

determining a status of a characteristic of the first region
of the polishing pad based on a measurement of the
ultrasonic energy applied to the first region; and

adjusting at least one polishing parameter 1in response to
the determined status of the characteristic of the first
region.

37. The method of claim 36 wherein adjusting at least one
polishing parameter comprises adjusting the downward
force of the micro-device workpiece against the polishing
pad.

38. The method of claim 36 wherein adjusting at least one
polishing parameter comprises adjusting the sweep area of
the micro-device workpiece across the polishing pad.

39. The method of claim 36 wherein applying ultrasonic
energy comprises transmitting ultrasonic energy with a
frequency of at least approximately 50 MHz.

40. The method of claiam 36 wherein determining the
status of the characteristic comprises determining a surface
condition on the first region of the polishing pad.

41. A system for monitoring a characteristic of a polishing
pad used for polishing a micro-device workpiece, compris-
Ing:

a polishing pad having a characteristic;

a transducer proximate to the polishing pad for applying

ultrasonic energy to the polishing pad;

a conditioner movable over the polishing pad, the condi-
tioner carrying the transducer; and

a controller operatively coupled to the transducer, the
controller having a computer-readable medium con-
taining instructions to perform a method comprising
applying ultrasonic energy to the polishing pad; and
determining a status of the characteristic of the polish-

ing pad based on a measurement of the ultrasonic
energy applied to the polishing pad.

42. The system of claim 41 wherein the transducer is
coniigured to apply ultrasonic energy at a frequency of at
least approximately 10 MHz to the polishing pad.

43. A system for monitoring a characteristic of a polishing,
pad used for polishing a micro-device workpiece, compris-
ng:




US 6,872,132 B2

11

a polishing pad having a characteristic, a first region, and
a second region spaced apart from the first region;

a transducer proximate to the polishing pad for applying
ultrasonic energy to the polishing pad;

a conditioner movable over the polishing pad, the condi-
tioner carrying the transducer; and

a controller operatively coupled to the transducer, the
controller having a computer-readable medium con-
taining 1nstructions to perform a method comprising
applying ultrasonic energy to the first region of the
polishing pad;

determining a first status of the characteristic based on
a measurement of the ultrasonic energy applied to
the first region of the polishing pad;

applying ultrasonic energy to a second region of the
polishing pad; and

determining a second status of the characteristic based
on a measurement of the ultrasonic energy applied to
the second region of the polishing pad.

44. The system of claim 43 wherein the transducer 1s
coniigured to apply ultrasonic energy at a frequency of at
least approximately 10 MHz to the polishing pad.

45. A system for conditioning a polishing pad used for
polishing a micro-device workpiece, comprising:

a conditioner including an end effector;
a polishing pad having a characteristic;

a transducer proximate to the polishing pad for applying
ultrasonic energy to the polishing pad; and

a controller operatively coupled to the conditioner and the
transducer, the controller having a computer-readable
medium containing instructions to perform a method
comprising
engaging the end effector with the polishing pad and
moving at least one of the end effector and the
polishing pad relative to each other;

applying ultrasonic energy to the polishing pad;

determining an existing status of the characteristic of
the polishing pad based on a measurement of the
ultrasonic energy applied to the polishing pad; and

providing a desired status of the characteristic of the
polishing pad by adjusting at least one conditioning
parameter 1n response to the determined existing
status of the characteristic.

46. The system of claim 45 wheremn the conditioner
carries the transducer.

47. The system of claim 45, further comprising a fluid arm
over the polishing pad to deliver conditioning solution to the
polishing pad, the fluid arm carrying the transducer.

48. The system of claim 45, further comprising a table
supporting the polishing pad, the table carrying the trans-
ducer.
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49. The system of claim 45 wherein the transducer i1s
coniigured to apply ultrasonic energy at a frequency of at
least approximately 10 MHz to the polishing pad.

50. A system for polishing a micro-device workpiece,
comprising:

a polishing pad having a characteristic;

a micro-device workpiece carrier over the polishing pad,
the micro-device workpiece carrier being configured to
carry the micro-device workpiece;

a conditioner including an end effector over the polishing
pad;

a transducer carried by the conditioner for applying
ultrasonic energy to the polishing pad; and

a conftroller operatively coupled to the micro-device
workpiece carrier and the transducer, the controller
having a computer-readable medium containing
instructions to perform a method comprising
pressing the micro-device workpiece against the pol-
1shing pad and moving the micro-device workpiece
relative to the polishing pad;

applying ultrasonic energy to the polishing pad;

determining a status of the characteristic of the polish-
ing pad based on a measurement of the ultrasonic
energy applied to the polishing pad; and

adjusting at least one polishing parameter 1n response
to the determined status of the characteristic of the
polishing pad.

51. The system of claim 350 wherein the transducer is
coniigured to apply ultrasonic energy at a frequency of at
least approximately 10 MHz to the polishing pad.

52. A system for monitoring a characteristic of a polishing,
pad used for polishing a micro-device workpiece, compris-
Ing:

an arm movable over the polishing pad;

an end effector coupled to the arm, the end effector having
a first surface and a plurality of contact elements
projecting from the first surface; and

a transducer coupled to the arm, the transducer being
configured to apply ultrasonic energy to the polishing
pad at a frequency of at least approximately 10 MHz to
determine a status of the characteristic of the polishing
pad.

53. The system of claim 52, further comprising a con-
troller operatively coupled to the transducer to determine a
thickness of the polishing pad based on a measurement of
the ultrasonic energy applied to the polishing pad.

54. The system of claim 52, further comprising a con-
troller operatively coupled to the transducer to determine a
surface condition on the polishing pad based on a measure-
ment of the ultrasonic energy applied to the polishing pad.
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